Abstract
Introduction

26
It has long been recognised that the most powerful insights into the nature of the physical 27 world come when theory and experiment are unified: 
16-24
35
Following in these footsteps, we seek to elucidate and understand the factors that control 36 reactivity in a synthetically important class of aromatic-ring forming reactions; those that 37 involve both intramolecular cyclization and elimination processes. ant to functional group substitution than Scholl reactions. However, the photoexcitation 51 process can be reversible, or lead to alternative photoproducts, which can result in lower 52 yields.
42-44
53
The most likely proposed mechanisms for the Scholl well understood 59,60 so will not be investigated in further detail here.
93
Methods
94
All reactants have the same basic framework structure (Figure 4 ) with varying rings, as 95 illustrated in Table 2 .
Figure 4: Framework structure for all reactants (left) and products (right) within our data set of molecules that undergo eliminative cyclization. cis-1,2-diphenylethylene
Results and Discussion
Thermal cyclization
109
A prototypical reaction coordinate diagram for the radical cation mediated thermal ox-
110
idative cyclodehydrogenation of 1,2-diphenylbenzene is illustrated in Figure 5 , and key
111
thermodynamic parameters for all structural variants reported in Table 3 . 
Figure 5: Reaction coordinate diagram for the thermal oxidative dehydrogenation of 1,2-diphenylbenzene (R 1 = benzene, R 2 = R 3 = phenyl), proceeding via the radical cation mechanism. The greyed-out lines represent the energy required for the planarization step of the reaction to proceed in a single step, in the absence of a strong oxidising agent.
On the whole, the data presented in Table 3 Table 3 : Key thermodynamic quantities controlling the thermodynamic stability (Gibbs energy of reaction, ∆ rxn G) and kinetic reactivity (Gibbs energy of oxidation, ∆ ox G and Gibbs energies of activation, ∆ ‡ plan G and ∆ ‡ elim G) of candidate molecules for thermal oxidative cyclodehydrogenation (Scholl reaction). and computational data, so can be confidently used to identify trends in reactivity due 147 to inclusion of heteroatoms and variation of ring sizes within the cyclizing ring system.
148
From 
164
Taking all of the above competing effects into account, the molecule with lowest overall 165 rate-determining free energy barrier is 3,4-diphenylthiophene.
166
Oxidative photocyclization
167
A prototypical reaction coordinate diagram for the oxidative photocyclization of 1,2-168 diphenylbenzene is illustrated in Figure 6 , and key thermodynamic parameters for all 169 structural variants reported in Table 5 . Reaction coordinate Figure 6 : Ground (black) and excited state (red) reaction coordinate diagrams for the photochemical oxidative dehydrogenation of 1,2-diphenylbenzene (R 1 = benzene, R 2 = R 3 = phenyl), with intersystem crossing proposed to occur during the first step of the elimination process, as indicated in blue.
As far as we are aware, there are no prior mechanistic studies covering all stages of 171 the oxidative Mallory photocyclization process. However, the first step in the photocy- Table 5,   203 along with 1,2-diphenylbenzene reference data.
204
In contrast to the unsubstituted parent molecule 1,2-diphenylbenzene, 1-(2-methoxyphenyl)- Figure 8 : Ground (black) and excited state (red) reaction coordinate diagrams for the photochemical eliminative cyclization of 1-(2-methoxyphenyl)-2-phenylbenzene (R 1 = benzene, R 2 = phenyl, R 3 = 2-methoxyphenyl). For reference, the proposed oxidative pathway is shown greyed-out. Table 6 : Gibbs energies of reaction (∆ rxn G), Gibbs energies of activation (∆ ‡, * plan G, ∆ ‡, * elim G) and Gibbs energies of intersystem crossing (∆ ISC elim G) capturing key characteristics of the potential energy surfaces for oxidative and purely eliminative photocyclization of 1-(2-methoxyphenyl)-2-phenylbenzene (R 1 = benzene, R 2 = phenyl, R 3 = 2-methoxyphenyl).
Molecule
Pathway of the products, i.e. it is disfavoured over the unsubstituted molecule in every respect.
208
Therefore, adding on a methoxy leaving group is a poor synthetic strategy unless the 209 eliminative pathway is strongly favourable.
210
The eliminative pathway has a low energy barrier for progression from the planar inter-211 mediate to the excited state product and the intersystem crossing along this pathway 212 is strongly exergonic, suggesting that the reaction could proceed via either pathway.
213
However, as there is no obvious mechanism for the intersystem crossing to occur, we 214 hypothesise that this reaction proceeds to completion in the excited state.
215
Finally, we note that the free energies of activation for planarization, ∆ ‡, * plan G, are the 216 largest of all reactants considered in this study, regardless of which rotamer is involved 217 and which pathway is being followed. 
